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ABSTRACT

These tests were made to evaluate the accuracy of registration
attainable when we use the Fairchild Radar Recording Camera with the
¥ischell Background Projector mechanism for high-accuracy registration
and reduction equiment for planned solar studies.’/ The tests revealed
that a modified camera will be suitable for much of our work, but that
the camera unmodified does not provids satisfactory operat;.on for most
of the planned uses.
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INTRODIUCTION.

The Fairchild Radar Recording Camera presents many attractive
features for us a8 a recording camera for solar studies. Its ease of
film changing and its compactness especia’ly recomsend it. On the
other hand the solenoid operation is abrupt, producing a substantial
impect gt the film advance cjcle, and the film claw in its return
across the sprocket holes recsts on the rilm heavily enouwgh, it soems,
perhaps to damage or enlargs the sprocket holes anough to be detri-
mental when kigh-accuracy registration is invoived.

To evaluate some of thase factors w3 have conducted the teszta
reported here. UWe wish ic have camerae in which it is possidvle for
us te return a piece of exyposed 35 mm. motion .icture film to a filmx
or projector accurecy with a differsntizl displacement from frame to
frams of + 0.0002 inchas on the average, and without any appraciatlas
puker of values departing from other values within a long run by wor:
than three to four timss this amount. The quantity measuring ths
difference betwmesn the largest and smallast position readings we have
calied the Yrange” in onr tests below. Tolerances should&pply in hots
co~ordinates in the f1ilm plame, if we ara to use the camerzs te grovide
a basgic refecence system on owr films, dependent upon tne position
the film assumes in the referercse frame of the fiim analyais pro-
Jecvor. If we succeed in attaining thess limits the manpower probiom
for reductisn of prominence motion data will be greatly lsssenad,

In the tests that follow we have tried cut two versions of the
Faj:child camera. One we have modified so that it operates smoothiy
by motor from a 130 volt AC supply, without damaging impzet forces.
Tha otger ¢ an ummodified 28 volt IC solenoid version of the caasrs,
Just as used for radar scope recording.

THE TESTING PROCEDURE.

Two different cameras wore used in thess tasts, (ne (-7 1in
our designation,) has been substantialiy modified and hag now positio:
pina; the ouaer (ONR-3) is umodified.

P

For our tosts here, as was in the case of the Nitchell mechanism,"i‘)
w8 printec on each frame a shadow image of a criss-cross halr patiern,
rigidly ,laced 2 mm. in front cf the film emulsion during expcsure.
ks before, the film used was Eastman Safety Positive Film punchel with
Dall £nd Howell perforations. Unlike the position pins of the Mitchell
camera, whicl are more or less form fitting, the pins of the Fairchild
camera, both the modified and the unmodifizd onss, are circular in
cross section. .he diameter of these cylindrical pins is sc di-
mensioned Lhat tiey touch the straight edgss of bhe perforations ab

@) " %%ee1a1 Report, 30 April 19L9; "An investigation on tane Ac:uracy
of the Mitehell Uotion Picturs Camera as an Insirument for the Asgistra-~
tion and Heduction of Solar Frominence Photograpns,® Dr. Ch'ing—-Sung
Y{'a, Research Staff, High Altitude Cbservatory, Bouldsr, C¢olorado.
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two points in the X-direction (along the strip of £ilm) ax shom in
Pigure la.

—~ Colindricel Resictra‘/ ,n Fins

@.{ 00800000) %__senint Rdge Guide
j
1

k4
o P
L | P = th " point messursd
@a—/ ~ {(co8oo0ao
Spring
Figure la

Howsvar, along the Y-dirsction there exists, in these cameras, a
stralght sdge guide, a;ainst which the film is gently pressed by a
sall metal spring. This feature contrives to keep the film in good
alignment &s far as the Y-direction is concerned, but does not
possass the positive advantages of the kinematic film location
principles of the Mitchell Camera. The accuracy ir this co-ordinate,
therefore, depends bnth ou tha operation efficiency of the spring
and on the toleraace limit of the width of the t1ilm from frame to
frame, as well as tha accuracy of preservation of the distance from
tha odge of the sprocket holes to the edge of the film. Its accoracy
of re~positioning the film in any given projector gate will depend
mich on the localion, size and adjustment of the guide and pressure
spring, uniike the Mitchell (or Bell and Howell) cameras.

Advancement of the film between aiposures was done by the
actuators of the Fairchild camera, which were opsrated in one case
by a metor and in the other by a solenoid, each controlled by
appropriate switches.

To conpars the results of our first test (1*)11; would be better
if wa could use tlie sams camera both for exposure and measurement, as
we ¢4 with tne litchell mechanism; the interpretation of results
would then be much simpler. However, it i3 not possible to do so with
our dresent meascuring device, ana sines our final use of the apparatus
for tlie znalysis of films will be made with a measuring Mitchell
mech nisn anysay, #e decided to do the measurements with the Mitchell
mectanisn, Morsover, the accuracy of the latter instrument has
already been investigated, but, of course, the p. tioning systea
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of the Mitchell differs froem that of the Fairchild camera. There
seems no easy way to use the Fairchild camera for our measuring
machine, however, so the preferred measuring procedure would really
be of academic interest only. We could not have had any hope of
positioning except for the fact that the Fairchlld cameras do most
of their positioning on the same sprocket holes used for the theo-
retically sounder poeltioning scheme of the Mitchell camera.

III, RESQLTS ACHIEVED,
For these tests we threaded the films taken in the Fairchild
camera into the Mitchell mechanism, and then measured tle displacement
of a point exposed onto the film in the Falrchild camera from frame to
frame by means of a filar micrometer mieroscope mounted rigidly with
reference to the Mitchell mechanism. Two s9ries of measuremerts were
made, one in the forward direction and one in the backward direction
of the Mitchell mechanism, both in the X and Y co-ordinates,
The results are plotted in Figure 1 and summarized in Talle 1
for the modified camera, Those of the ummodified camera are plotted
in Figure 2 and swmarized in Table 1I,
TABLE I -~ MODIFIED CAMERA
) ' Mean
Dirsction Position Range Averapge Deviation
Film of (Micrometer| (Micrometer (Microme'er|Inches
Strip| Co~or. | Measurement { Readings) | Division) |Inches | Divisions)
Forward 57,25 13.6 . 00042 3,98 0.000123
X .
Backward 66,05 13,5 .00042 3.16 0.000098
A
Toruand 27,22 34.6 ,00207 9.03 0,000280
Y - -
Backwarc 30.52 27.2 00284 7.10 0.000220
P ionie s et S R SR 2l et :“.":‘-‘:‘ﬁ:‘.:“"“
Forward 70.80 16.1 . 00050 3,53 0.000110
b e - -
Backward 79.18 12.8 ,00040 3.18 0.000099
B SURUSRUNIR RSSO S —_ .
Forward 30,83 35.5 00110 8.42 0.000261
'! — ——— it s - e e e v e v e i o S e i o e AcA— o
Bacrsard 3211 391 00121 8.23 0.000255
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. TARLE ~ IT - TRMODIFIED CAMEY'A
~ Fean |
Direstion Position Range Average Deviation
, Filn of (Mlorometer | (Wlorometer (M1 romer:er
Stxrip| Co-or. | Measurement | Readings) ! Divisions)|Inches | Dislnions)| Inches
IS
t Forvard 38060 44.8 .00139 5:76 qu’79
¢ x ——
Backward 49.03 38,7 00329 5.07 0.000157
A -
] ' Torvard 59.02 17,2 (00053 5,28 0.00016/,
1 Y
Backward 64,73 12.8 00043 3.13 Q.000097
- A
T -
Forward 23.48 4.4 |.00028 1 10.4  [0.000316
¢ ) 4 SV TN
Y Backward 33.47 £1..% .Q01L28 10,76 G.000334
g B —
1 % Fmrd 58011 MOO 000136 S'FB 0(!m
. b 4 - —_—
% * Backward 5948 | 42.5 00132 | 3.15 0,000284,
| £ In fMgures 1 end 2, the abscissee represent the successive numbers
: of frames from ens omd of the £ilm to ‘e other. A1l €ilms wore expossd
E 5 - in the normal fameard direetion in the Falreuild camera. Tue ordinates
E give the micramster veadlngs on the spot iupreased upon the film in the
& Fairzhild o mera. Moaswemsnis in the farward direction of the Mitcheil
Y mechaniem aro slowa Wy full linss, fhose in tie roverse direction by
dotted linss, "he longih of the arrsw dosigna’en the seale of the figere,
belng oquivalent to 0,478 ci, or U.00031 irch per line of the iz,pe
¥ grid, Thus these wmves show the varlatiors ¢f ihe measured poinis [rom
3 frans w frame bohth for the A~ and Y- coadinzces, nnd therefore givs rn
' ldea of the accuracy of the quuntity - e sesk,

follow:

T R

glven diracvions.

Ths mean position, range, and grsyage devistion, as zumsrized for
ell cades in Tablea I exd IT, are defined s2d derived respectively aa

{1} The "menc positions" tamilated are the aritimetical means

{ireation of neasvrement

of the roodings of the nicromster for all whe frames taken in lthe stated
(2) Toe "rangs® is the votsl rangs, e¢htained

by tehing tie differance bstwesn the highest ard lowvest resdinge for any
two Tramas meesvved in the direstlons shown.
iz vhe wverage, without vogard te gimm, of the dovistlons {posiiive und
negatise) from the woan pozition for all the framos ssasures in the
Hokh the "repza® cud ths "avemee daviablion' constitvie
& slgnificont measure of the aceurmey 2F the inglrument for owr purposcs.

(3} The “everays deviation®
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IV, DISCUSSION OF RESULIS.

The data shown ir the foregoing secilon are the combined resulis
of rogistration with the Fairchild and of mesasurement with the Mitchell
mechanism, and not of the Feirchild camera alone. The data therefore
oontain the accuracy and desig-. factors of both instruments., Hencs in
the discussions below, this fact should be kept in mind. As was pointad
out, 1f our final reduction of films 18 to be made with this combination,
our test procedure is directly significant to our problem, We shall
therefore not attempt to separate the invalved factors.

A, The Modifled Camera

The performance of the modified camera is substantlally
superior to that of the ummodificd, The wandering of the
points in Figure 1 is simllar for both directions of the
Mitchell mechaniesm, a8 one would expeot, The wanderings thus
result elther from positioning errors of the Fairchild mechaninm,
or from dimensicnal differences from place to place along the
length of the film material, which the design differences
between the cameras make it imposcibie to eliminete from the
resnlts, To ask the £ilm manufacturer to hold theae dimsnaioral
differences down o acceptable lirits in terms of owr test and
to avold differential procesaing effects is unfsasible., However,
the magnitvie of the errors of this origin is no’ so lorge as to
rule out limited use of the modified camera for the intended
purpode, The X average deviations fall comfortably within the
specified limits of 2 x .. inches. und the ¥ average deviaticns
fall at within 1} times the specified limits, The dlfference
betveen the largest and emallest values of X or Y for a *un in
8 given direction, which we have called "range”, slso falls
wvithin ocur vstablished limi:e of 6 xz 10 inches for I, tut
goes consistently to about 1% to 2 times ewr limit for Y.

The Mitchell mechanism, as one would expect, shous & much
beotter performance, and falls gemerally wall within our specifications,
The teat of the Mitshell camera also involved an exposing rum
axd & measuring run, while ths Fairchild camera wnd uubjectesd only
to a single exposing run through its mechaniem., Tho test of the
Mitchell coners was thersfoaro moro strirngent, On the other hand
we are able to muita no satisfaetory supamation of arrors arising
from the iruccwysey of opsvations of the Falrchild camsra and
thone arislng from dimoralonal fluctuations in the ulm.

Tra filn advance rmechoclam, evon in the wodifled Fadrcehild
camera, exerts o substantial pressure on the registrution aprocket
holes az whs elaw moves back from 148 fully advunced poasiilon e
the pesition for a sew strake, I may ba thal this Jores exdarges
the apescihet holes slightly and produces the diffsrence of X fav
Torvard and reverse rxuus in the Mitechell Mechonlsm, Or i3 may
ba that tho course of thiz effoel 18 eslargement of “he hilas Yy
the Fairehlld posivioning pina, Or 1t yay be from some othey

- 3.




undiscovered cause, It will not adversely affect our planned
measurenent because they can readily be carried out in a single
direetiom of f11lm motion.

In describing the usefulness of the Fairehild Camera for
this application we should mention that while wholly satisfactory
for the purpose for which the Fairchild camera was developed,
the £ilm advance and positioning apparatus cannot be expected
to give perfermance of higheat possible registration standards.
Because the fiim has a atraight guide at its one edge against
which 1%t is spring loaded, the two following conditions muat
apply precisely, or the over-constraint of the film being positioned
in its plane can only be sccommodated by elastic (or worse stiil
inelastic) deformation of the films

(1) The positioning pins musi iie precisely ca a line per-
pandicular to the strailght edge gulde.

(2) The film edge must bs accurately perpendiculsr to the
registration sprocket holes at each reglstration position,

In the I-coordinate, the slight alope as shown by the curves
fror cne end of the film to the other, indicatea again the pro-
bably differential shrinkage of tie film; this ia a feature also
noted in our former analysis, This probably results from the
shortnesas of the strips usad in our test, and will nut show up
in long movie mma, we expect.

B. The Ummoéified Canera

The data for this camera can be seen in Figure 2 and Table
X1, By cimparing these with those ol the modified cuwera (Figpwe
and Table I}, it is evident at once thet the registretion
acewracy ef this comera in the unmodified form is vory much leas,
The svarage deviation of Strip A in X-coordinate 1s sbout 507
tigger, and that of Strip B is ovcr thres times as much. In the
Y~coordinate, the figures are couparable, probably a dirsed sesult
of the straight edge guide in this coordimnte.

=

Basides the gonoral decreast of sccurscy in this instrumant,
there are also present certuln erratic tehuviers whick way result
from the large impulses appliad by ths solsaoid drive. Fer
instance, Frame No. 33 in Strip B is aso ruch displased that the
magcwred peint can not even be localted inside the figure., This
point fulls so far out that it was discarded in the derivsition
of sur vesulte

AZ In tho cowe of the ucdilfiazg cawera, the slope duw Lo
divferantinl shrimmpe cf the film appee s apedy in whe fizure
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RECOM/ENDAT IONS,

¥rom the discussions presented above, we see thet the Fairchild
mechanisy, in 1ts modified form, although less accurats than the
Mitchell instrument, is good encugh for a least a part of our purposes
as a reglstration camsera., Use of the Mitchell mechanism as a reasuring
ar projection apparatus, and the Falrchild camora for exuposing the film
providss us 2 reasonably sultable combination of instruments for photo-
graphing and analyzing solar procminence records. A Bel) and Howell type
wxpesing camers would undoubtedly te vastly superior in registration and
operatica to the Fairchild comera, but the cost of such cancres probably
substantinlly exceeds the coct of tne Falichild caneras, cven including
the cos5t of nuwilficetions. Alco the Fairchild camera offers some advantages
of ccupactness and light weipht. VWe plan, in the future to do some teats
or. the Bel! ana Houell type mechanisnm,

ACENOULIDGRMENTS .

I vish teo ciiress my thonks to the porsounel of the Physice Instrument
2nd Rezsearch nan'::nm'y for thelr assistarce in these tects and in the
rnedificaticn of tk3 Falrchild camera. These rmedifications wvore sunerviced
b Dr. 2lter Cre Poborts. tut the detailed designn vere preduced at tho
;;x,.;ics Ingtrmenc,t and Regearch Leborctary. . Poboris olso ersisted in
the pnrlanning of tlo vests cwd in their intear ':bion an yeporcoed here.
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